The histological stru ctu re of the intestinal glands of Lumbricus is described, an d th eir su b jection to nervous regulation is dem onstrated.
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The histological stru ctu re of the intestinal glands of Lumbricus is described, an d th eir su b jection to nervous regulation is dem onstrated. The presence of a protease in th e juice of th e an terio r intestine, described b y previous workers, is confirmed, an d th e existence of nerve elem ents exciting th e secretion of protease is dem onstrated in th e segm ental nerves, body w all an d v en tra l regions of th e septa in th e an terior intestinal region. The path w ay of impulses which excite th e secretion of protease is deduced.
The distribution of nerves w hich excite secretion of protease in th e anterior intestine is com pared w ith th a t of th e nerves w hich influence th e tone of th e gut.
The significance of th e nervous control of th e secretion of in testin al protease in Lumbricus is discussed in relation to th e factors know n to influence secretion in v ertebrates.
I n t r o d u c t i o n
Evidence I brought forward in a previous paper (Millott 1943) indicates that the gut of Lumbricus, although possessing an intrinsic nervous system of its own, is indirectly controlled by two systems of nerves which have their origin in the central nervous system, and exert antagonistic effects on the tone of the gut. Such a condition resembles that long known to exist in vertebrates.
It was therefore decided to inquire whether as in vertebrates there is evidence of the nervous control of secretion, and if so, whether the extrinsic nerves referred to above play any part in this.
Both histological and chemical indications of secretion will be sought, the histo logical being obtained from the appearance of gland cells in fixed preparations, the chemical from estimation of the digestive powers of the intestinal fluid.
The epithelium lining the anterior intestine is abundantly supplied with welldefined gland cells which are usually assumed to secrete the ferments of the intestinal fluid. These cells give very clear histological pictures of secretory phases, and accordingly this epithelium was studied exclusively in both stimulated and unstimulated preparations.
The earthworms Allolobophora longa Ude, and Lumbricus ter were used throughout the investigation.
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I n n e r v a t i o n o f t h e a l i m e n t a r y c a n a l Evidence I brought forward in a previous paper (1943) indicates that the nerves supplying the gut of Lumbricus arise from the central nervous system by two main channels. First, from the peripharyngeal commissures by a discrete plexus of nerves partially embedded in the pharynx wall on either side (' pharyngeal plexus '), from which nerves pass to join a diffuse plexus ramifying through the wall of the entire gut. Secondly, by nerve fibres passing out in the segmental nerves along the whole length of the body. The latter nerves pass rapidly into the body wall, and, according to their situation, fall into two groups. The first group, which decreases the tone of the gut, consists of nerve elements leaving the central nervous system by the anterior, median and posterior (posterior only in the gizzard region) nerves of each segment, to join a mass of nerves, situated deeply in the muscle layer of the body wall. The intramuscular nerves are probably arranged in the form of a plexus. The second group, which increases the tone of the gut, passes from the central nervous system by the median and posterior segmental nerves to join a mass of nerves situated in the peritoneum lining the body wall. Again, these nerves are probably arranged as a plexus. Nerves pass from the intramuscular and peri toneal nerve elements to the gut via the septa, those leaving the intramuscular elements, traverse the dorso-lateral regions of the septa, those which leave the peritoneal elements, traverse the ventro-lateral regions of the septa. Such a scheme agrees with Smallwood's (1923) interpretation of histological preparations.
T h e e p i t h e l i a l l i n i n g o f t h e i n t e s t i n e
The intestinal epithelium of Lumbricid earthworms has been described by several workers, notably Greenwood (1892), Joseph (1902 ), Gurwitsch (1901 ), Schneider (1908 ), and Dequal (1909 . The two chief types of cell in the intestinal epithelium are the ciliated cells and the gland cells. The former are variable in their characters, the variation being most marked in the free border which seems capable of with drawing its cilia (see figure 1 and compare Greenwood (1892) and Gurwitsch (1901) ).
The gland cells are the main concern of this paper; their main features are described by the above authors, but since their appearance has a particular signi ficance in this account, it was decided to study specially fixed material.
M e t h o d s
Numerous methods of fixing and staining were tried, but by far the most satis factory was Benda's method for secretion granules (Benda 1899 (Benda , 1901 , followed by staining with methylene blue and eosin. Paraffin sections 5 /i thick were employed. Material fixed in Flemming's strong fluid and subsequently stained by Flemming's orange method was also found to be very satisfactory.
The appearance of the gland cells in the resting epithelium ( figure 1A ) In worms which have been starved for several days, the gland cells of the anterior intestine appear as shown in figure 1A . Each is club-shaped with a pointed end (e.) by which the secretion is discharged into the lumen of the gut. dimensions, many of which appear to be enclosed in small discrete vacuoles (v.). The cytoplasm frequently appears reticular ( .) ,and may be basophile or acidophile, both reactions often being exhibited by different regions of the same cell, but the basal portions are usually basophile. The nucleus is difficult or impossible to distinguish owing to the large number of secretion granules. Among the pro minent gland cells are a number of shrunken vacuolated cells ( .), which appear to be gland cells undergoing restitution after a period of activity, since they have roughly the same form as the gland cells already mentioned, and may contain a few scattered secretion granules identical in appearance with those already described. In these the nucleus is clearly visible, having scattered chromatin granules and a prominent nucleolus (net.). The cytoplasm of these restitution cells is markedly basophile. Between the gland cells are the relatively insignificant ciliated cells ( c i l . c. ) .
The appearance of the gland cells after stimulation of the peritoneum lining the body wall (figure IB) If the gland cells are excitable, and if the peritoneal nerves, which I have already shown to influence the tone of the gut, contain elements supplying the gland cells, then stimulation of the body-wall peritoneum, by the means which was shown in a previous paper to excite these nerves (Millott 1943) , may bring about discharge of secretion which can be detected histologically. The following experiment shows that this is so.
The anterior intestinal region of living worms was opened up mid-dorsally. The body-wall peritoneum was stimulated electrically by silver-wire electrodes carrying a 2 V 50-cycle current drawn from the mains, controlled by a 400-ohm potentio meter set to deliver stimuli of the same strength as those which were shown in a preceding paper (Millott 1943) to stimulate the peritoneal nerves. Stimuli lasting 0-2 sec. were given repetitively three times per second for half an hour by three electrodes resting on the body-wall peritoneum on either side of the anterior intestine, which was kept moist by application of frog Ringer. In order to minimize the possibility of direct stimulation of the intestine as a result of short circuits, the electrodes were placed as far as possible from the gut, and the preparations were kept drained of superfluous Ringer. The question of the possibility of short circuits occurring in this type of experiment is discussed at greater length, and examined by means of control experiments, in a previous paper (Millott 1943) . After stimula tion, the anterior part of the intestine was excised, fixed and stained as above.
It may be argued that exposure of the intestine during the above experiments, despite the precautions taken to keep it moist with Ringer, might bring about histological changes irrespective of nerve stimulation.
To meet such objections, control experiments were performed in which the intestine was fixed after exposure for the same length of time, under the same con ditions, as in the foregoing experiments, but the peritoneum was not stimulated. Such exposure was found to be without significant effect.
There is a striking difference between the appearance of pieces of intestinal epithelium from stimulated preparations, and pieces from unstimulated controls. The appearance of epithelium from stimulated preparations is shown in figure IB . The gland cells are very shrunken, allowing the ciliated cells to expand to pro minence ( c i l . c. ), and leaving distinct gaps in the epithelium (sp.). The spars cytoplasm of the gland cells, now pre-eminently basophile, appears highly vacuo lated, and most of the included granules have disappeared, so that the nuclei are clearly visible.
Normally the stimulated and unstimulated pieces of intestine were taken from different individuals. To exclude the possibility that the differences could be due, in any way, to differences between individuals, a portion of the resting epithelium (fixed immediately after exposure of the gut) was compared with an adjacent portion of the epithelium obtained from the same worm fixed after stimulation. The same differences are observed.
Thus the foregoing experiments show that the intestinal glands are excitable and influenced by nerves in the body wall, stimulation of which produces histological changes characteristic of secretion. Further evidence is obtained by considering the effect of nerve stimulation on the proteolytic power of the intestinal juice.
I n t e s t i n a l p r o t e o l y t i c e n z y m e s
Fluid drawn from the anterior portion of the intestine of Lumbricus will readily clot calcified milk. This indicates the presence of a protease in the intestinal juice (Cole 1928) , and confirms the observations on the proteolytic powers of the juice made by Willem & Minne (1899) and Lesser & Taschenberg (1908) . The proteolytic activity of the juice undergoes a marked progressive increase during starvation, and correlated with this is the observation that the granular inclusions of the intestinal glands increase in number during starvation, as also noted previously by Greenwood (1892).
Effect of stimulating the peritoneum and segmental nerves
on the proteolytic power of the intestinal juice If either of the groups of nerves mentioned on p. 201 include elements which excite the intestinal glands, electrical stimulation of these nerves will probably bring about a change in the proteolytic power of the intestinal fluid. The following experiments demonstrate this.
Living worms, previously starved for several days, were opened up so as to expose the intestine and underlying nerve cord with its segmental nerves, which was isolated by transection at either end. The intestine was punctured in the region immediately behind the gizzard, and a fine graduated pipette, fitted with a rubber teat, was inserted with the teat compressed (figure 2). The tip of the pipette was pushed backwards inside the intestine for about 1 cm., and the pressure on the teat was released, thus allowing the intestinal fluid to be sucked up, an operation which presented no difficulty, as the intestinal juice of starved worms was invariably plentiful and relatively free from debris. Before withdrawing any intestinal fluid, the coelom was washed out with frog Ringer to prevent con tamination with blood or coelomic fluid. The segmental nerves, either alone or together with an isolated piece of nerve cord, were stimulated twice per second for 1-5 min. by a circuit similar to that described on p. 203, using the same strength of stimulus as that employed in previous experiments. In view of the delicacy of the segmental nerves, it was found advantageous to leave a piece of ventral nerve cord attached to the nerves which are to be stimulated. The piece of nerve cord (with the desired segmental nerve) may then be lifted on the electrodes and stimulated, after previously transecting any other segmental nerves which may arise from the same piece. The preparation was again washed in Ringer, and the same quantity of fluid as that previously withdrawn was taken from the same region of the intestine.
Each sample of intestinal fluid was added to 5 c.c. freshly prepared calcified milk (see Cole 1928, p. 251) , and placed in a water bath at 30° C. The sample of milk and intestinal fluid was gently rotated in front of an electric lamp submerged in the bath, so that the first signs of clotting could easily be observed. The time required to clot each sample of milk was ascertained by means of a stop-watch. The solutions can be considered adequately buffered against changes in pH. In separate experiments such changes were found to be negligibly small. Any changes in salt concentration need not be considered, because the amount of intestinal fluid was so small compared with the quantity of calcified milk. Thus the clotting time is a measure, not only of the proteolytic powers of the juice, but also of the relative quantities of proteolytic enzyme in the two samples.
In such experiments certain precautions are necessary because after the first sample of intestinal fluid had been withdrawn, it might be replaced by fluid from other regions of the gut, and thus the second sample of fluid, although withdrawn from the same region of the intestine (after stimulation), would be useless for com parison. To avoid this, the samples of juice were withdrawn from a portion of the intestine which had been isolated from the remainder by two ligatures (see figure 2 ). Under these conditions, when the proteolytic activity of samples of juice with drawn successively from the same region of the intestine of the same worm is compared, it is found that the time required for clotting is consistent to within ± 15 sec., as illustrated below ( To minimize the possibility of short circuits bringing about direct stimulation, extremely fine electrodes formed into hooks were used by means of which the segmental nerves could be lifted clear of the coelom, and well away from neigh bouring septa and muscles. This operation requires extreme care, as the fine nerves easily rupture, and it is therefore essential to mount the electrodes on easily adjustable micro-manipulators. If the preparation is mounted under a binocular microscope, any fluid accumulating around the electrodes can be observed and instantly withdrawn by a fine pipette. Under these conditions the current spread is insignificant (see Millott 1943) .
In all cases, when the segmental nerves of the anterior intestinal region, either alone or together with an isolated piece of nerve cord, were stimulated repetitively, a marked increase in the proteolytic power of the intestinal fluid resulted. The result was the same whether the anterior, median or posterior segmental nerves were stimulated. Some of the results obtained are shown in table 2. Before drawing a conclusion from these experiments we must first consider two possibilities: first, that the intestine is necessarily slightly stimulated by handling during the opening up of each preparation, and secondly, that constant withdrawal of coelomic fluid exposes portions of the intestine to air; both of these factors might stimulate a slow continual secretion which could make itself evident by the time the second sample of juice was withdrawn, quite apart from any nerve stimulation. These interpretations are ruled out by control experiments, for when experiments of the above type were repeated without electrical stimulation of nerves, the intestinal juice showed no increase in proteolytic activity.
The evidence obtained so far, therefore, indicates that the secretion of intestinal proteolytic enzymes is under nervous influence, and that some of the nerve fibres involved are present in the segmental nerves of the anterior intestinal region. The results afford further evidence of the excitability of the gland cells, and, moreover, show that the secretion produced by stimulation contains proteolytic enzymes.
Pathway of secretory impulses
So far, the arrangement of the nerves controlling the secretion of protease is in agreement with the preceding account of nerves controlling the tone of the gut, some of which were shown to arise from the ventral nerve cord by the segmental nerves. The next step is to discover the pathway of the excitor fibres after they have left the segmental nerves.
The fact that the nerves controlling secretion as well as those controlling alimentary tone are embodied in the anterior, median and posterior segmental nerves, at once suggests that, like the latter, the secretory nerves may join the plexuses of nerves previously shown to exist in the body wall and septa by Small wood (1923) and myself (1943) .
The participation of nerve elements located in the body wall is easily shown by stimulation. If the peritoneum lining the body wall of the anterior intestinal region is stimulated repetitively, a very marked increase in the proteolytic activity of the intestinal juice results, as shown by the following experiments.
Worms were opened up mid-dorsally, the peritoneum lining the body wall was stimulated repetitively twice per second for 10 min. by means of three electrodes, the tips of which were placed on the inner surface of the body wall on either side of the anterior intestine (see figure 2) . The results are shown in table 3.
F ig u r e 2. D ia g ra m illu s tr a tin g th e te c h n iq u e e m p lo y e d fo r w ith d ra w in g in te s tin a l ju ic e fro m a n iso la te d reg io n o f th e in te s tin e in o rd e r to c o m p a re its p ro te o ly tic p o w e r b e fo re a n d a f te r e le c tric a l s tim u la tio There is thus clear indication that nerve elements which bring about secretion of protease in the gut exist in the body wall of the anterior intestinal region. Whether the nerves are situated superficially in the peritoneum, or deeply in the musculature, and whether they are associated with the nerve plexuses previously shown to exist in each of these situations (Smallwood 1923; and Millott 1943) , is 6  3  10  2  55  1  28  7  3  10  3  28  2  30  8  8  10  2  24  1  50 difficult to determine. The evidence so far obtained favours their localization in the peritoneum lining the body wall, for when the deep layers of the body wall are stimulated, by using fine, sharply pointed electrodes which can be pushed into the cut edges of the body wall so that the tips of the electrodes lie deep in the muscle layer without coming into contact with the peritoneum at any point, stimulation brings about no significant change in the proteolytic powers of the intestinal juice, as shown in table 4. In order to overcome the objection that opening up a worm necessarily damages a region of the septa which might be vital to the secretory response, experiments, such as the foregoing, were repeated with worms opened up mid-dorsally, midventrally and laterally; by such a series of experiments all regions of the septa were preserved intact, and in all cases there was no significant increase in the proteolytic activity of the intestinal juice.
The available evidence therefore suggests that nerve elements which are con cerned in exciting the secretion of protease in the anterior intestine are to be found in the body wall, and that they may perhaps be situated superficially in, or just beneath, the peritoneal lining, rather than deep in the muscle layer.
This indication of the participation of body-wall nerve elements in exciting secretion, recalls the effect of stimulating the peritoneum on the histological appear ance of the gland cells previously described, and is in complete harmony with previous evidence (p. 203) indicating that impulses exciting secretion are carried by nerves of the body wall. It is worth noting also that these observations afford strong circumstantial evidence indicating that the granular inclusions of the intestinal glands, described on p. 203, are the precursors of the proteolytic ferments of the intestine.
The indication of secretory nerves in the body wall recalls the similar disposition of the two groups of nerves (augmentor and inhibitor) which influence the tone of the gut, described in a previous paper (Millott 1943) , and it is possible that the secretory nerves may be associated with one or the other of these groups, and like them, traverse the septa in their passage to the gut. If this is so, the increase in proteolytic activity of the intestinal juice produced by stimulating the peritoneum lining the body wall could be prevented by separating a portion of the adjoining septa from the body wall (or removing a portion of the septa), because the normal path of excitor impulses would be interrupted.
If the peritoneum lining the body wall of the anterior intestinal region be stimulated as before, after the dorsal or dorso-lateral region of the neighbouring septa has been removed, a marked increase in the proteolytic power of the intestinal juice is still produced. This is illustrated by the data quoted above in respect of experiments 7 and 8, in which the dorsal region of the septa in the anterior in testinal region was severed from the adjoining intestine before the experiment. Clearly, the dorso-lateral region of the septa does not carry any significant propor tion of the secretory nerve fibres.
If, however, the ventral, or ventro-lateral region of the septa is removed, stimu lation of the body-wall peritoneum no longer evokes a significant secretion of protease as shown by the experiments in table 5. Clearly, then, the nerves which excite the secretion of protease, on leaving the body wall, traverse the ventral region of each septum.
It now remains to show that the secretory nerves excited by stimulating the peritoneum lining the body wall, and those which traverse the ventral region of the septa, belong to the same system of secretory nerves as those which have been shown to arise from the ventral nerve cord by the segmental nerves. This can readily be shown by repeating the experiments in which the segmental nerves were stimulated (p. 204) after the ventral halves of the neighbouring septa have been removed, or separated from the body wall. It follows from the foregoing that if such an operation prevents stimulation of the segmental nerves from evoking the usual secretion of protease, then there is good reason to believe that the secretory fibres of the segmental nerves and those of the body wall, are linked into a common system conveying impulses to the gut via the ventral regions of the adjoining septa. The following experiments (table 6) in which the ventral half of each septum in the region of stimulation had been removed before stimulation of the segmental nerves, illustrates the dependence of the secretory response evoked by stimulation of these nerves on the integrity of the ventral half of the septum. It may be suggested, however, that we have assumed the nerves stimulated by placing the electrodes on the segmental nerves to be efferent, whereas they might well be afferent, conveying impulses to the nerve cord, whence nerves could pass to the gut by an alternative route which might still be interrupted by transection of the ventral halves of the septa. Such a route would be possible if we imagined that nerves passed directly from the ventral nerve cord into the ventral regions of the surrounding septa, passing thence directly to the gut. No experimental evidence has yet been brought forward which could be regarded as refuting such a suggestion. However, in the case of the nerves controlling the tone of the gut, I have shown previously (1943) , by means of a series of control experiments, that they cannot take the shorter route postulated above, and in fact traverse the body wall and septa on their way to the gut. Such a conclusion agrees with the earlier histological investigations of Smallwood (1923) , who, moreover, describes no septal nerves arising directly from the ventral nerve cord.
Thus it is seen that the path of impulses which excite the secretion of protease in the anterior region of the intestine is as follows: segmental nerves -> nerves in the body wall -> nerves in the ventral half of the septum -> gut.
It is impossible to determine with certainty from the foregoing experiments the exact location of the secretory nerves in the body wall, for although from the mode of stimulation employed in the experiments described above we would expect the nerves to be associated with the peritoneum, it is impossible to be certain until the possible participation of nerves situated more deeply in the body wall has been eliminated. This could best be achieved by a study of stimulation thresholds, which, so far, has not been undertaken.
To summarize, it appears that the activities of the gland cells lining the anterior intestine are controlled, at least in part, by nerve elements leaving the central nervous system by the segmental nerves in the same region, which pass to the gut via the neighbouring body wall and ventral halves of adjoining septa.
Discussion and conclusions
The control of secretion has been intensively studied in higher vertebrates, where, broadly speaking, it has been shown to be partly nervous (Molnar 1909; Sawitsch & Soshestvensky 1917 , 1921 Bickel 1925; Brestkins & Sawitsch 1927) . In the production of the secretions of the alimentary canal particularly, humoral and mechanical influences have been shown to play an important part (Molnar 1909; Bickel & Wagner 1934) .
Both physiological and histological evidence just presented indicates that the secretion of protease by the anterior intestinal glands of earthworm is also subject to nervous regulation. This extends the resemblance, which I have already shown to exist, between the alimentary canal of earthworm and that of vertebrates. However, though the possibility of a non-nervous control in earthworm remains, as yet there is no clear evidence of it. The indication of a slight tonic secretion of protease (p. 206) may be significant in this connexion, since it cannot be a purely local reaction (in all cases the gut was devoid of food), and may therefore be the result of humoral influences.
The distribution of the secretory nerves of the intestine is noteworthy, since it agrees so closely with the previous accounts of the alimentary nerve supply given by Smallwood (1923) , based on histological evidence, and myself (1943), based on physiological evidence. In each account alimentary nerves are described which pass from the body wall to the gut via the septa, and in the latter account, these nerves are shown to arise from the central nervous system by the anterior, median and posterior segmental nerves.
In conclusion, it should be noted that in the foregoing account nerve stimulation has been assumed to act directly on the secretory mechanism. There is a possi bility, however, that the effect may be, at least partially, indirect, and due to vaso-motor effects following nerve stimulation. Such effects have been shown to be very important in vertebrates (Beznak 1933) , but until the control of the blood vessels in earthworm has been investigated, the significance of this factor must remain uncertain.
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The N orm al larvae of tw o beetles, Lasioderma serricorne an d Sitodrepa panicea, and larvae freed from th e ir intracellular sym bionts have been grown on various diets. On w hite flour, a food deficient in vitam ins of th e B group, norm al larvae grow very m uch b etter th a n sterilized larvae, while no such difference in th e grow th ra te occurs on a diet rich in vitam ins of th e B group, e.g. w holem eal flour plus yeast. On an artificial d iet w hich contains th e vitam ins of the B com plex in pure substances, th e norm al Lasioderma larv a grows well or fairly well in th e absence of eith er thiam in, riboflavin, nicotinic acid, pyridoxin or panto th en ic acid, and th e norm al Sitodrepa larv a in th e absence of any of these vitam ins except thiam in. The sterilized larvae of b o th species fail to grow in th e absence of an y of these five vitam ins. I t is concluded th a t th e intracellular sym bionts of Lasioderma and Sitodrepa supply vitam ins of th e B group.
For several decades the phenomenon of intracellular symbiosis in insects has been one of the most puzzling and most discussed problems of insect morphology and physiology. Numerous insects house, in special organs called mycetoms, micro organisms mostly resembling bacteria or yeasts. The regularity of their occurrence in certain species or groups of insects together with the complicated adaptations
